The difference in the efficiency distribution of the shaft motor caused by the optimal load matching and motor manufacturing process, the traditional torque average distribution strategy is not applicable to the torque distribution of the all-wheel drive power system. Aiming at the above problems, this paper takes the energy efficiency of power system as the optimization goal, and proposes a dynamic allocation method to realize the torque distribution method of electric vehicle all-wheel drive power system, and analyzes and verifies the adaptability of this optimization algorithm in China urban passenger vehicle working conditions. The simulation results show that compared with the torque average distribution method, the proposed method can effectively solve the problem that the difference of the efficiency distribution of the two shaft motors in the power system affects the energy consumption of the power system. The energy consumption rate of the proposed method is reduced by 5.96%, respectively, compared with the average distribution method under the urban road driving condition of Chinese passenger vehicles.
INTRODUCTION
As a new type of powertrain structure, all-wheel-drive electric vehicles can be equipped with drive motors on the front and rear two-wheel drive shafts of electric vehicles, or by installing power wheels such as hubs or wheel-side motors at the wheels to drive the vehicles. Unique power system the structure can realize flexible distribution of torque and improve the power, economy and stability of electric vehicles [1] . Literature [2] proposed a hierarchical control system for electric vehicles driven by four-wheel independent motors, which implemented nonlinear model predictive control at the upper level to solve the problem of nonlinear multi-input and multi-output over-drive, and realized driving and regenerative braking control of independent motors at the lower level through PID algorithm. Literature [3] proposed a method for estimating the longitudinal force and side slip angle of four-wheel independent driving electric vehicles based on observer iteration and information fusion. The electric drive wheel model is introduced into the vehicle modeling process and used for longitudinal force estimation. The longitudinal force reconstruction equation is obtained by model decoupling. The Luenberger observer and the high-order sliding mode observer are combined to design the longitudinal force observer. The Kalman filter is used to suppress the effects of noise. By estimating the longitudinal force, the estimation strategy is proposed based on observer iteration and information fusion. Literature [4] discusses the influence of motor output power limit, road friction coefficient and wheel torque response on stability control, and the influence of motor idling loss on torque distribution method. Based on this, a vehicle dynamics control method based on vehicle steady state is proposed. Under normal driving conditions, the energy efficiency of the power system is improved by the torque distribution between the front and rear wheels. Literature [5] proposes a hierarchical control algorithm for the all-wheel drive system. The upper layer is composed of the supervision-expected motion tracking controller and the lower layer is composed of the optimized controller. In the upper controller, the desired vehicle motion is calculated by considering the transient cornering characteristics. In the desired motion tracking controller, in order to track the desired vehicle motion, the virtual control input is determined in a sliding mode controlled manner. In the lower control allocation, the cost function is minimized as the optimization target, and the tire dissipating energy under driving conditions is effectively reduced.
In summary, in the research of powertrain control of all-wheel-drive electric vehicles, the focus is on establishing the motor loss model and the wheel adhesion optimization model, designing the multi-layer controller structure, the upper layer decision target torque, and the lower layer through the control motor. Torque output control. In the target torque distribution decision process, most of them rely on the torque distribution method of the motor based on the dynamic load change of the tire. In the process of torque distribution decision, the local optimization algorithm is used to control the strategy. Although the local optimal solution can be obtained, the local optimization requires specific qualification conditions, and it is impossible to obtain the optimal energy efficiency of the electric vehicle electric drive system under the whole cycle condition, resulting in a lack of globality under known driving cycle conditions. In the actual allwheel drive system, the characteristic parameters of multiple motors often have certain differences due to manufacturing processes and the like, and it provides an intractable problem for torque distribution optimization.
In this paper, a two-axis motor all-wheel drive system for electric vehicles is considered. Under the premise of the difference of efficiency distribution of front and rear axle motors, the power system efficiency is taken as the optimization goal, and a torque allocation strategy based on dynamic programming algorithm is proposed. The strategy realizes the optimal torque distribution of the two-axle motor all-wheel drive system under Chinese passenger vehicle road conditions.
2. All-wheel drive power system structure and working mode
The structure of the all-wheel-drive electric vehicle power system studied in this paper is shown in Figure  1 . The main structure includes two front and rear shaft motors, a motor controller, a power battery and a vehicle controller. The power battery provides energy for driving the shaft motor, and the shaft motor directly drives the vehicle. Each axis motor is equipped with a motor controller that independently controls its operating state. At the start, the output torque of the shaft motor is calculated by the vehicle controller and the information is transmitted to the power battery management system and the motor controller. The drive state of the all-wheel drive electric vehicle of the shaft motor is mainly the front wheel (rear wheel) independent drive, the four-wheel simultaneous drive and the two-wheel/four-wheel switch drive control mode. In the full-time two-wheel drive mode, the vehicle controller sends a control signal to drive the front or rear axle motor to run, and the power battery provides energy to drive the electric vehicle. In the fulltime four-wheel drive mode, the vehicle controller sends a control signal to drive the front/rear axle motors to run together, and the power battery provides energy to drive the electric vehicle. The time-sharing two-wheel four-wheel switching mode is when the power demand of the electric vehicle is less than a certain threshold, the control signal is sent by the vehicle controller, and the two-wheel drive is used to provide driving energy to the front or rear wheel motor by the power battery. When the demand power of the electric vehicle is higher than a predetermined threshold, the four-wheel drive is used to provide energy to the two shaft motors by the power battery, which not only satisfies the power demand but also improves the working efficiency of the motor. Therefore, the main control method of the all-wheeldrive electric vehicle can be summarized as follows: in order to improve the working efficiency of the drive motor, according to the change of the required power, it is decided to adopt the two-wheel drive or the fourwheel drive mode switching control drive mode [6] . 
Figure 1
The structure of the all-wheel drive electric vehicle system studied in this paper
Power System Modeling
In order to study the torque distribution strategy of all-wheel drive power system, this paper carries out the power system modeling of all-wheel drive electric vehicle in Matlab/Simulink environment, and carries out simulation analysis of energy efficiency on this basis.
Vehicle dynamics model
When the electric vehicle is driving on the road, the traction motor needs to overcome the running resistance (Ft), including rolling resistance (Ff), air resistance (Fw), slope resistance (Fi) and acceleration resistance (Fj), which satisfy the following formula:
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Where f is the rolling resistance coefficient, m is the mass of the electric vehicle, g is the acceleration of gravity, taking 9.8m/s 2 , α is the slope of the road. This paper assumes α=0, Cd is the air resistance coefficient, and A is the windward area of the electric vehicle. ρ is the air density, and ua is the vehicle speed.
The traction motor in formula (1) overcomes the running resistance (Ft), and the output power Pm of the electric motor motor is:
According to the power balance characteristics of electric vehicles, the relationship is satisfied at time t.
dem m loss,m P P P  (7) Among them, Pdem is the power demanded by the power system, and Ploss, m is the power loss of the motor.
Motor model
In order to reduce the computational burden of the system, the model of the shaft motor established in this paper ignores the dynamic characteristics of the motor. Because of the loss of efficiency in the process of mutual conversion between electric power and mechanical power, a static map can be used as a model for driving the motor [7] . At the same time, the driving motor must meet the conditions as shown in equations (8)- (10) . Since this paper considers the torque distribution strategy when there is a difference in the efficiency of the shaft motor, the front and rear wheels use motors with the same output power and different efficiency curves.
Among them, Tm and ωm are the output torque and speed of the drive motor.
Power battery model
The simplified model of the battery equivalent circuit selected in this paper is shown in Fig. 2 . The equation of state is as shown in equation (11) and equation (12) [8] . According to reference [9] , the battery discharge efficiency ηdis in the model is calculated using equation (13).
(13) Among them, Rdis is the internal resistance of the battery discharge.
Operating conditions
We choose the urban road driving condition of Chinese passenger vehicles. The road conditions of the vehicle are used as the cycle conditions of the simulation model. The selected the urban road driving condition of Chinese passenger vehicles is shown in Figure 3 . 
Torque optimization problem
In this paper, the optimal operation of the drive motor is improved by the optimal distribution of the drive Paper ID: ICEIV2018-xxx torque, so that the drive motor operates in the high efficiency zone at a certain speed. Therefore, the torque optimal distribution control can be expressed as a problem of determining the torque distribution coefficient k of the front and rear wheels (axes). The coefficient k is defined as the torque distribution characteristic between the front and rear wheels (axis) after the start of the control, as shown in equation (14), and the boundary condition is as shown in equation (15). 
Where Tf is the torque value of the front axle motor, Tr is the torque value of the rear axle motor, and Treq is the demand torque of the vehicle.
When k=0, it is expressed as a separate rear wheel drive. When k=1, it is expressed as a separate front wheel drive. When k = 0.5, it is expressed as a fourwheel torque average distribution mode.
The driving energy utilization efficiency under the condition of the shaft motor driving can be expressed as the formula (16).
Where the boundary condition satisfies the formula (17). 
Under the interference of other factors, the overall efficiency of the system under driving conditions can be obtained, and the energy consumption of the shaft motor drive system under driving conditions can be simplified as follows. 
Application of Dynamic Programming Algorithm
In the range of the actual domain [t0, tf], the state variables in the optimization problem of the all-wheel drive power system are the vehicle speed and the torque Tdem. Since the vehicle speed can be determined according to the operating conditions, the state variable is recorded as x(t) = [Tdem(t)]', and the vehicle demand power is used as the control variable, which is recorded as u(t) = [Pdem(t)]. The all-wheel-drive electric vehicle dynamic system in discrete state can be described by the equation of state (19) [10] .
Where f is the equation of the electric vehicle power system, which is composed of equations (1) to (7) 
Where Tdem is the shaft motor torque; Tm, min and Tm, max represent the minimum and maximum torque of the shaft motor respectively; nmotor,min and nmotor,max represent the minimum and maximum speed of the shaft motor respectively. Pdem,max is the maximum output power of the shaft motor.
In this paper, the energy efficiency of the electric drive system is taken as the objective function, and the objective function is shown in equation (21). 
(
Where Tf is the output torque value of the front axle motor, Tr is the output torque value of the rear axle motor, ηf(Tf,n) is the efficiency of the front axle motor, ηr(Tr,n) is the efficiency of the rear axle motor, and n is the corresponding of the axle motor speed.
Since the dynamic programming adopts the numerical solution, the time and system state are first discretized, and the calculation grid of the torque distribution ratio state is divided along the time direction of the driving cycle. According to the known driving cycle, the vehicle model is used to calculate the power demand power and speed of the driving cycle along the time direction. According to the constraints of the motor, the system reachable boundary of the whole driving cycle is obtained from the initial state and the termination state of the system respectively. Within the reachable boundary range, the system constraints are met, and the forward function is calculated according to the designed objective function. Obtain the shaft motor torque distribution ratio state matrix for the entire driving cycle. Finally, through the recursive call method, the final state is reversed to the initial state, the traversal optimization process is completed, the optimal torque distribution trajectory of the shaft motor is obtained, and the calculation result is output. The calculation plan of the dynamic programming method is shown in Fig. 4 [11] . 
Simulation and result analysis
In order to verify the effectiveness of the dynamic planning allocation strategy, this paper simulates the all-wheel-drive electric vehicle under different road conditions in passenger car cities in China. The simulation prototype parameters are shown in Table 1 .
According to the calculation, the maximum demand torque of the simulation prototype car in the urban road condition of the Chinese passenger vehicles is 676.11N•m, and the maximum demand power is 29.23kW. According to the vehicle speed calculation of the urban road condition of the Chinese passenger vehicles, the required power of the whole vehicle can be obtained. Combined with the power system structure of the axle motor directly driving the wheel, under the urban road condition of the Chinese passenger vehicles. Fig . 5 shows the torque distribution control strategy of the front and rear shafts motor and the operating point distribution of the shafts motor when different torque distribution strategies are adopted for the allwheel-drive electric vehicle. Efficiency area distribution Maximum external characteristic curve DP distributed Equally distributed (b) Distribution of operating points of the rear axle motor Figure 5 Distribution of motor operating points in different torque distribution strategies for the urban road condition of the Chinese passenger vehicles Therefore, if the control point of the motor is changed by changing the control strategy, the overall efficiency of the power system can be improved from this angle, thereby reducing the energy consumption of the electric drive system. Compared with the mean torque distribution strategy, the DP algorithm adopted is a global optimization method, so the working points of the motor that improve the global efficiency interval are the main ones. In the interval of 30% to 90% of the efficiency distribution of the motor working point, the proportion of the working points of the shaft motor of the DP global optimization torque distribution strategy is all increased. Under two different control strategies, the 100km power consumption of the all-wheel drive power system is compared as shown in figure 6 . As a result of the optimization of the working point of the shaft motor, when the simulation prototype vehicle adopted the dynamic programming global optimization torque distribution strategy under the urban road condition of Chinese passenger vehicles, the 100-kilometer energy consumption of the electric drive system was 12.585kWh, which was reduced by 0.75kWh compared to the average allocation rule.
Conclusion
In this paper, the optimal torque distribution strategy for electric drive system is studied to solve the torque optimization problem of the efficiency difference of the axial distributed drive motor. A torque distribution method based on global optimized dynamic programming is proposed. Compared with the average distributed torque method, the proposed method effectively reduces the power consumption of the electric drive system by 100 kilometers, among which, 0.75kWh can be reduced under the urban road condition of Chinese passenger vehicles. The results show that the torque distribution ratio of the front and rear shafts can be adjusted dynamically in real time to solve the problem of working point optimization caused by the difference in the efficiency distribution of the shafts. The proposed method can be applied to the optimization of torque distribution control under different road conditions, which can effectively improve the energy efficiency of the system and extend the driving distance of electric passenger vehicles.
